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Based on Combinatorial Measurement of ToF-SIMS and Cars
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The lipid crystals are one of the important hallmarks of advanced atheroscle-
rotic plaques. However, the detailed assessment of lipid crystals including
their chemical compositions and morphological information at the tissue level
are little known due to the lack of appropriate imaging techniques. Here, we
developed a combinational method to characterize the morphology of lipid
crystals precisely and concomitantly to identify their chemical compositions
based on coherent anti-stokes raman scattering (CARS) spectroscopy and
time-of-flight secondary-ion-mass-spectroscopy (ToF-SIMS). To accelerate
the progression of atherosclerosis, partial ligation surgery of left carotid artery
(LCA) in apolipoprotein E knock-out mice (n=26) was performed. The change
of lipid crystals during the progression of atherosclerosis was studied by feed-
ing high-fat diet for 1-8 weeks. We found the transition of chemical composi-
tion from oleate to the palmitate of atherosclerotic lipids at intermediate stage.
Lipid crystals at advanced stage were dominantly observed at the inner side of
internal elastic lamina and their distribution was clearly distinguished from
other types of lipids. We also found that the lipid crystals showed distinct phys-
ical spectrum comparing to intra/extracellular lipid droplets by spectral CARS
analysis. The same region of lipid crystals was subjected to investigation of
chemical compositions using ToF-SIMS. We found that palmitate (m/z
255.2), a saturated fatty acid, was dominated in lipid crystal regions in ad-
vanced atherosclerotic stage. The developed technology based on the combina-
tion of CARS and ToF-SIMS could simultaneously provide the detailed lipid
morphology with high resolution and chemical information correlating to their
morphology. We expect that the results of lipid crystals with developed
imaging platform could be further extended to better understanding for the
mechanisms of plaque rupture.
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Single-Cell Level Verification of Relation Between Gene Expression Noise
and Phenotypic Adaptation to Antibiotic in Escherichia Coli
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Bacterial persistence is a general phenomenon in which bacterial population
exhibits phenotypic tolerance against lethal environments. Such phenotypic ad-
aptation can be observed when variation of phenotype correlated with cellular
fitness exists in the cell population, and each phenotypic state is inherited. Na-
tive proteins expressed in prokaryotes are usually stable; the consequent slow
fluctuation of protein concentration in single cells over multiple generations
may be regarded as one form of ‘‘heredity’’. In order to experimentally verify
that slow fluctuation of protein abundance can cause phenotypic tolerance of
cell population, we constructed E. coli strains that express streptomycin resis-
tant gene as a fusion protein with a fluorescent protein. The fusion protein is
expressed from the downstream of a promoter inducible by IPTG to control
its mean concentration. Furthermore, we constructed strains in which a degrada-
tion peptide tag was added to the C-terminus of the fusion protein, thereby low-
ered the protein stability. We confirmed that the autocorrelation function of the
protein concentration of tag-added strain decays faster than the tag-free strain.
The both tag-added and tag-free strains showed higher survivability in drug ex-
posure than wild type, but they were still killed at high drug dosage. Using a mi-
crofluidic device, we observed these strains under different inducer conditions
and with the same concentration of streptomycin. One important result was that
the tag-free strain, constitutively expressing the drug resistant gene, exhibited
obvious persistence curve against the drug exposure. Moreover, our prelimi-
nary results suggested that, despite higher mean expression level of the resis-
tance gene, the recovery of the decline rate of the tag-added strain be less
prominent than that of the tag-free strain. The details of the results and analysis
will be presented in this meeting.
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Cellular Internalization and Degradation of Protein-Nanoparticle
Complexes
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Albumin is an essential protein that is highly abundant in blood serum. Cellular
internalization of albumin occurs via receptor-mediated endocytosis; however
any modification to the protein redirects binding to a different receptor on thecell surface. It has been demonstrated that nanoparticles (NPs) used in biolog-
ical applications are non-specifically coated with a surface layer of serum pro-
teins. A thorough understanding of the effect that the NP has on the transport of
serum proteins on a cellular level is highly desirable for NP drug and gene de-
livery applications. As albumin is the most abundant serum protein, we are in-
terested in how cellular internalization, transport and degradation are altered
when the protein is modified with a NP. We have bound serum albumin both
electrostatically and covalently to 87 nm, polystyrene NPs and studied the en-
docytic transport of the modified protein using fluorescence confocal micros-
copy. Cellular degradation assays have been performed on the NP-modified
protein using western blot analysis. We find that the NP slows the transport
and alters the degradation of the serum albumin protein. These findings indicate
that the presence of NPs affect the interaction of native proteins with cellular
machinery and must be considered when using NPs for in vivo applications.Imaging & Optical Microscopy: New
Fluorescence Methods & Probes
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Correlated Soft X-Ray Tomography and Cryogenic Confocal Fluorescence
Microscopy
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Soft x-ray tomography (SXT) gives the spatial distribution of organic matter in
intact, fully hydrated, unstained eukaryotic cells with ~50 nm resolution. In
SXT cells are imaged using soft x-ray photons in the ‘‘water window,’’ where
organic material absorbs ten times more strongly than water. Correlative fluo-
rescence and soft x-ray tomography allows specific fluorescent molecules to be
localized in the context of the entire cell’s total organic material. Genetically-
encoded fluorescent protein (FP) fusions are routinely used to label specific
proteins of interest within cells. We have characterized the fluorescence spectra
of several FP variants in eukaryotic cells at cryogenic temperatures. We report
recent developments in instruments for carrying out high numerical aperture
spinning disk confocal fluorescence microscopy on cryogenic specimens, in-
cluding eukaryotic cells expressing FP fusions. We report the performance of
this instrument under cryogenic operating conditions. Lastly, we report prog-
ress towards correlating the three-dimensional structures obtained with SXT
with structural information obtained using the new cryogenic spinning disk
confocal fluorescence microscope.
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Kinetic Analysis and Binding Studies of Proteins Bound to Planar Surfaces
with CLSM
Homanaz Ghafari, Mithun Parambath, Quentin Hanley.
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A number of techniques, such as surface plasmon resonance, are available to
monitor surface bound molecular interactions. Detection of fluorophore bind-
ing to surface immobilized proteins may be conveniently detected in a separa-
tion-free method with confocal laser scanning microscopy (CLSM). We will
present kinetic and equilibrium based studies including sandwich immunoas-
says and ligand-receptor displacement interactions on single planar surfaces.
Kinetic analysis of antibody binding using fluorescein and quantum dots as re-
porters was able to resolve two components. QDs were found to bind slower, an
effect ascribed to the greater mass of a typical QD. Ligand receptor studies
were carried out on the androgen receptor binding domain in which a fluores-
cently labelled molecule was displaced by testosterone. This yielded an IC50 of
6.4 nM and a Z0 factor of 0.77. By replacing single subtrates with a multilayer
structure created withe 30 mm thick substrates, a high density array of immu-
nosorbent assays was created within a stratified medium. Model IgG based im-
munoassays were stacked into arrays over 5 layers with quantitative results
obtained via layer dependent calibrations. As the number of layers increased
there was a decrease in fluorescent intensity and a concomitant broadening
of the axial response. Then the microcontact printing method was chosen to
print antigens on modified mica substrates to carry out indirect immunoassays
with QD-conjugated antibodies. Stacked layers of mica with patterned immu-
noassays were scanned with CLSM and 3D image was produced. While much
of the capabilities of the planar format confocally read assay are available
through other methods, the wide deployment of confocal microscopes and re-
lated ELISA techniques makes this an attractive approach to binding studies
and the time dependent approach to equilibrium.
